This paper empirically examines the relationship between fiscal decentralization and public sector efficiency. A country-level dataset is used to measure public sector efficiency in delivering education and health services and the new indices are regressed on well-established decentralization measures. The analysis is carried out for 21 OECD countries, between 1970 and 2000. Irrespective of whether public sector efficiency concerns education or health services, an inverted U-shaped relationship has been identified between government efficiency in providing these services and fiscal decentralization. This relationship is robust across several different specifications and estimation methods.
Introduction
It has long been recognized that governments differ significantly in the efficiency of delivering public services (ref. Tanzi and Schuknecht, 1998; . Some are extremely wasteful and ineffective in performing even basic activities, whereas others achieve their objectives systematically and comprehensively. The efforts to increase government productive efficiency, otherwise termed public sector efficiency (hereafter referred to as PSE), has spawned an output of vital theoretical literature on channels that may affect it. One of the most prominent channels is the design of fiscal relations across the various levels of government.
This study empirically examines the relationship between PSE and fiscal decentralization, using country-level macroeconomic data on OECD countries.
The theoretical literature on fiscal federalism identifies two benchmark channels through which fiscal decentralization is expected to affect PSE positively, namely (i) increased electoral control and (ii) yardstick competition among local governments that results from decentralization.
1 According to the electoral control mechanism, decentralization reduces the inclinations of officials to divert rents, and increases the probability of "bad" incumbents to be voted out of office, thus positively affecting the overall government efficiency (Hindriks and Lockwood, 2009 ). Moreover, Seabright (1996) shows that rent-seeking politicians, when contesting in decentralized elections, use incentives to lure the voters in each (local) constituency. In contrast, to get re-elected in the national elections politicians would seek to please the voters only in a majority of the localities. Similar results are obtained by Hindriks and Lockwood (2009) and Myerson (2006) . According to the theory of yardstick competition (see e.g., Shleifer, 1985; Besley and Case, 1995) , citizens are at an advantage when they are able to evaluate the performance of their policy makers by comparing the policy choices of their own political representatives with the corresponding choices of the neighboring regions' policy makers. Therefore, fiscal decentralization may increase PSE, as it offers citizens an opportunity to compare public services and taxes across jurisdictions and helps them to assess whether their government wastes resources through low human capital capacity or rent-seeking (Besley and Smart, 2007) . decentralization, the relationship identified (positive or negative) is always linear. 2 However, the theoretical hypotheses postulated above are probably not comprehensively addressed by employing socioeconomic indicators as measures of "good governance". This is because such measures do not encompass the size of government spending and thus fail to reflect the level of efficiency in delivering government services. Barankay and Lockwood (2007) state, "[…] these regressions do not estimate government "production functions" because they do not control for the inputs to the output that is the dependent variable. […] In the absence of controls for these inputs, these regressions cannot tell us much about the efficiency of government, as any observed correlation between decentralization and government output can be due to omitted variable bias."
To cope with this problem, we develop direct measures of PSE by employing data envelopment analysis (DEA) on a panel of 21 OECD countries, between 1970 and 2000. The PSE measures are constructed using information on the "inputs" and "outputs" of the public sector. Within this framework, we implicitly assume that these indicators are derived from an underlying government production relationship. We focus on public education and health and construct two alternative PSE indices reflecting government efficiency in delivering services in these two sectors. Subsequently, we use the PSE indices to identify the potential public sector efficiency-fiscal decentralization nexus.
We find that PSE increases with the degree of fiscal decentralization up to a certain degree of decentralization and thereafter decreases, i.e. revealing an inverted U-shaped relationship. This result appears to be robust across a number of different specifications and estimation methods that account, inter alia, for the potential reverse causality between fiscal decentralization and PSE. Notably, this is the first study to identify such a non-linear pattern, a finding consistent with both contradicting stands of the theoretical literature. Also, we are able to calculate the particular level of decentralization at which the relationship at hand turns negative and relate this value to certain countries.
2 Fisman and Gatti (2002a) and Mello and Barenstein (2001) find that increased decentralization (measured as the budgetary share of subnational governments) is associated with lower levels of corruption. Similarly, Fisman and Gatti (2002b) and Henderson and Kuncoro (2004) using sub-national data for the US and Indonesia, respectively, show that decentralization of public expenditure is effective in reducing corruption only if it is accompanied by an increase in power to raise revenue (i.e. increased tax autonomy). Robalino et al., (2001) and Khalegian (2003) in cross-country studies, also find support that fiscal decentralization is associated with lower infant mortality and immunization rates (taken as measures of the quality of governance). Finally, Enikolopov and Zhuravskaya (2007) examine the effect of decentralization on a set of four indicators of governance quality (namely the three indicators used in the studies reviewed above, plus the illiteracy ratio) and conclude that the effects of fiscal decentralization are beneficial only in countries that are also characterized by a high degree of political centralization.
The rest of the paper includes: Section 2, which describes the empirical model and data used in this empirical analysis; Section 3, which illustrates the various econometric methodologies employed, as well as discusses the empirical results; and Section 4, which presents the conclusions drawn.
Empirical model and data
The empirical model used to study the relationship between fiscal decentralization and public sector efficiency is as follows,
where public sector efficiency it pse in country i at time t, is expressed as a function of fiscal decentralization, a set of control variables and a stochastic term u it . The inclusion of the quadratic term reflects the expected inverted U-shaped relationship between PSE and decentralization, as discussed in the introduction. To estimate Eq.
(1) we first construct the PSE indicators. Next, we discuss the data on the variables used in this study.
We build a panel dataset of 21 OECD countries 3 spanning the 1970-2000 period. The reason for such a choice is because reliable data are available for these countries to construct the PSE indicators and obtain the main explanatory variables for the empirical analysis. The final sample is an unbalanced one, comprising a maximum of 522 annual observations. The dependent and explanatory variables are discussed below. Explicit definitions and sources for the variables used are provided in Appendix A and the descriptive statistics are reported in Table 1 .
Measurement of public sector efficiency
The measurement of PSE and the resulting comparison of the individual countries in the context of the efficient functioning of their public sectors, presents a number of difficulties related to the scarcity of publicly available country-level data and the complicated problems that may emerge in the estimation procedure. In this study, we opt for a direct estimation of PSE, using the linear programming technique of Data Envelopment Analysis (DEA). 4 DEA is a linear 3 The set of countries includes Australia, Austria, Belgium, Canada, Denmark, Finland, France, Germany, Greece, Ireland, Italy, Japan, Luxembourg, Netherlands, Norway, Portugal, Spain, Sweden, Switzerland, UK and USA. 4 A number of recent studies instigated an effort towards the computation of PSE indicators using DEA. Concerning OECD economies, estimate relative efficiency scores for several parts of the public sector during the 1980s and the 1990s, while Afonso and St. Aubyn (2005) focused on the efficiency of government programming technique that provides a piecewise frontier, by enveloping the observed data points and yields a convex production possibilities set (for a thorough discussion, see Coelli et al., 2005) . As such, it does not require the explicit specification of a functional form of the underlying production relationship. To introduce some notation, let us assume that for N observations there exist M inputs in the production of public goods, yielding S outputs. Hence, each observation n uses a nonnegative vector of inputs denoted However, if pse i * < 1, then public sector 0 is inefficient and pse * represents its input-oriented efficiency score. Thus, pse∈[0.1] . Finally, k is the activity vector denoting the intensity levels at which the N observations are conducted. Note that this approach, through the convexity spending on education and health. Using similar techniques, Gupta and Verhoeven (2001), Sijpe and Rayp (2007) and Afonso et al., (2006) focused on developing countries. Finally, Balaguer-Coll et al., (2007) considered using DEA to analyze the efficiency of local governments in Spain.constraint 1 k Σ = (which accounts for variable returns to scale) forms a convex hull of intersecting planes, as the frontier production plane is defined by combining some actual production planes.
To measure PSE we need to focus on specific areas of government activity. As it is impossible to consider all the areas of government activity and the corresponding government output, we construct two alternative PSE indicators as proxies of PSE: (i) PSE in providing education services and (ii) PSE in providing health services. In our view these two areas of government activity have the advantage that the output of both areas is directly measurable.
6
Following the rationale of the relevant literature (see e.g., Adam et al., 2010) , we employ the following measures.
7 As an output of public education spending, we use the years of schooling provided by Barro-Lee (2001) multiplied by the educational quality indicator "cognitive" developed by Hanushek and Woessmann (2009) . The "cognitive" indicator allows us to capture potential qualitative differences on education among different countries.
Besides, as the educational systems of the OECD countries are far from being homogeneous in the sources of spending (private or public), it becomes important to account for the different shares of private to public spending on education. 8 As such, we multiply the outputs of public education spending (i.e. years of schooling multiplied by cognitive) by the ratio of public to total spending. Thus, we isolate the impact of private expenditure on output and consequently, we don't give countries characterized by heavy private funding on education an undue advantage.
As an output of public spending on health, we employ the inverse of the infant mortality rate at birth (taken from OECD Health Data, 2007) . As in the case of education, we account for differences in the shares of private to public spending on health by multiplying the output of public spending on health by the ratio of public to total spending on health. 6 To clarify this argument, consider for example the case of national security, where the proper performance measure / government output would have been the avoidance of external and internal conflicts. 7 For details on the methodology used and for the summary statistics for the variables employed as outputs and inputs, see Appendix A. 8 In this sample countries characterized by heavy private funding on education such as Australia or the United States are included, as well as countries that base the financing of their educational systems on public funds, such as Finland and Denmark. 9 The ratio of public to total spending on health is 41.6% in the United States and 51.9 % in Greece, while it reaches 88.42% and 87.32% in Sweden and Norway, correspondingly.
As input, in the case of PSE in education, we employ public education spending as a share of GDP (taken from Busemeyer, 2007) , whereas in the case of PSE in health, we employ public spending on health as a share of GDP (taken from OECD Health Data, 2007).
Estimation of program 2 is carried out on annual data to obtain annual indices of PSE in providing public education and health services. A panel data approach is used and, therefore, the frontier is shaped (is different) at each point in time (each year). We end up with 492 observations for the PSE education variable and with 597 observations for the PSE health variable (see Table 1 for summary statistics). Space constraints prevent reporting the yearly values of the indices; therefore, 10-year averages are presented for each country in Fig. 1 (the full set of results is available on request). The first set of graphs presents PSE index in providing education services (PSE education), while the second set shows the PSE index in providing health services (PSE health) . Missing values on the PSE indices for some countries reflect missing data for the input or the output of the production process. The PSE education figures indicate that in the 1970s and 1980s, Australia, Japan, Switzerland and USA reflected high efficiency scores, while in earlier years Norway gained much ground. The results are similar in the PSE health figures, the exception being Greece and Finland, which were among the bestperforming countries. Overall, these results appear to be reasonable approximations of prior academic belief and concur with the findings of earlier research (see e.g., .
The yearly values of PSE education and PSE health are used as the dependent variable in the subsequent empirical analysis.
Fiscal decentralization measures
Approximating the degree of fiscal decentralization has been an issue of considerable disagreement in empirical studies. In this paper, we follow the method adopted by Stegarescu (481) are available for the decindex index.
Control variables
To ensure robust econometric identification, we use a number of control variables in the estimated equations. First, to control for the overall level of productivity and wealth in the economy, we employ the log of real GDP per capita. Data for this variable is from the World Banks', World Development Indicators (WDI) (2004). Countries with higher real income are expected to have a more productive private and public sector. In addition, we account for the presence of economies of scale in the production of the public good at the country level, by controlling for (i) the logarithm of total population, (ii) population density (measured by the number of people per square km) and (iii) the share of urban population to total population. Data for these variables are from the WDI. Higher values for these variables imply higher potential economies of scale in the production of public goods, and thus we expect them to be positively associated with PSE indicators.
According to Alesina et al. (2003 ), La Porta et al. (1999 and Alesina and La Ferrara (2005) , countries with high ethno-linguistic fractionalization are expected to exhibit inferior government performance for four reasons. First, high ethnic fractionalization results in pressures for redistribution between groups (Easterly and Levine, 1997). Second, fractionalization may lead to a high demand for publicly-provided private goods, especially those that can be targeted towards specific groups (Alesina et al., 2003) . Third, it is also possible that a relationship between fractionalization and corruption is formed, which will result in higher inefficiency. Finally, in more extreme circumstances, increased ethnic fractionalization may lead to ethnic hatred and, ultimately, to violent civil wars that disrupt the workings of government (see Fearon, 2003) .
Following Easterly and Levine (1997), we control for ethno-linguistic fractionalization using the Herfindahl index, which is calculated on the basis of the share of each separate ethno-linguistic group over total population (data are from La Porta et al., 1999) .
To control for the structure of the political system we use two dummy variables. First, we use a dummy that takes the value 1 when the electoral system is considered to be majoritarian, and a value of 0 otherwise. PSE is expected to be higher in countries that use the majoritarian system, as the electoral outcome is generally more sensitive to the incumbent's performance in majoritarian-type elections . Second, we consider whether delegation of power affects PSE. Myerson (1993) and Tabellini (2003, 2004) , suggest that as presidential regimes create a direct link between individual performance and re-appointment in office, the elected officials have strong incentives to perform well, which stimulates public sector performance. The potential impact of the presidential systems on PSE is captured by a dummy variable that takes the value 1 in countries with presidential systems, and 0 in those with parliamentary systems. Information on the majoritarian and presidential variables is from Persson and Tabellini (2004) .
Another set of variables illustrates the structure of the elected government. First, we control for the number of ministers who directly use (spend) part of the government budget (i.e. the total number of ministers, excluding the minister of finance). As these ministers are expected to be concerned about the size of the budget they control, 11 the relationship between the number of spending ministers and PSE should be negative. This effect is consistent with the idea that diseconomies of scale may be present in the administration of government (see e.g. Stein, 1997) .
Data for this variable is from Mierau et al. (2007) . The variable coalition governments, which is obtained from Tavares (2004) , is a dummy variable, taking the value 1 if a coalition cabinet that includes ministers from two or more parties is in power. As the number of parties involved in the government increases, the accountability of each of the parties usually diminishes, thus providing fewer incentives for efficiency. Also, coalition governments are typically associated with a shorter life span (Schofield, 1993; Müller and Strøm, 2000) , and therefore are less concerned with superior performance. Finally, we account for the effect of electoral cycles by including a dummy variable in the empirical analysis, which takes the value of 1 when elections take place that particular year (data is from Tavares, 2004) .
Finally, to control for the regulatory environment in the economy we add another dummy variable among the regressors, which takes the value 1 when the country has British legal origin and zero otherwise. Data for this variable is taken from La Porta et al. (1998) . Studies like that of Djankov et al. (2003) suggest that countries with common law (British legal origin) take a more decentralized approach to solving social problems, whereas civil-law countries follow a more regulatory approach. Thus, common-law countries are expected to have less regulations and state intervention in the economy and such elements are usually associated with higher efficiency in providing public goods.
Estimation and results

Estimation method and baseline results
As discussed above, the PSE indicators take values between 0 and 1 (inclusive), with values closer to 1 denoting higher efficiency levels. Therefore, an appropriate econometric specification corresponds to a censored model of the following general form:
it it pse z u pse pse pse
where λ t corresponds to time-effects common to all countries, pse are the predicted values of the regression and the rest of the variables are noted as in Eq. (1) above. By construction, the predicted values must be always lower than unity; otherwise they will need to be censored. As in the majority of literature that uses macroeconomic indicators over a large time frame, using time-effects is crucial to this analysis. In addition, pse has both time and cross-sectional (country) dimensions. Thus, panel estimation techniques are used to estimate Eq. (3). Given that we are dealing with a censored regression model, we resort here to the panel-data Tobit methodology with bootstrapped standard errors. As robustness check we also consider (i) the method proposed by Simar and Wilson (2007) 12 , (ii) a simple panel data fixed effects model and (iii) a GMM model for dynamic panels.
The baseline results are presented in Tables 3 and 4 , where the dependent variables are the PSE education and PSE health indices, respectively. As inefficiency might cause reform over time, all estimated equations include time effects, the results of which are not reported for space constraints reasons. In column 1 of Table 3 , the coefficient on the decentralization variable is positive and statistically significant at the 1% level, suggesting a strong positive link between fiscal decentralization and PSE in providing education services. The same is true for the regression of PSE health (see column 1 of Table 4 ). Therefore, the results of this study are consistent with the part of the theoretical literature that highlights a positive effect of fiscal decentralization on PSE through, for example, enhanced electoral control and yardstick competition among local governments. Although no prior studies on this relationship using macroeconomic data and a direct measure of PSE exist, this result is in line with the findings of Barankay and Lockwood (2007) , who use micro data on Swiss cantons.
Following this baseline equation, we examine whether the potential negative effects of decentralization prevail when decentralization levels are high. In other words, we look into the possible non-linearity in the fiscal decentralization-PSE nexus. In column 2 of Tables 3 and 4 we include the squared term of the decentralization variable and we find that the impact of decentralization on PSE is indeed non-linear (inverted U-shaped), as the level and the squared term of the decentralization variable are statistically significant at the 1% level. Notably, this effect remains robust across all specifications in Tables 3 and 4 , and thus is irrespective of the variable used to proxy PSE or the inclusion of different control variables in the estimated equations. Intuitively, although the positive forces of fiscal decentralization mentioned above 12 Simar and Wilson (2007) improve on the econometric inference of models where the dependent variable is obtained from linear programming methods, like DEA. However, their method does not apply to panel data. For the reasons highlighted above, the panel structure of the dataset in this study is maintained by choice and primarily the panel-data Tobit method is used, as it is the conventional one in the literature (Cooper et al., 2004) . By using the Simar and Wilson method we have to consider only the cross-sectional dimension of our panel (i.e. we cannot pool the data).
exert a positive impact on PSE, this effect fades out after a certain level of decentralization is reached, probably owing to problems associated with the loss of benefits from economies of scale (Stein, 1997) and the increasing dependence on local officials, who are selected from a lower quality pool of applicants (Prud'homme, 1995).
In fact, the level of fiscal decentralization where its impact on PSE becomes negative, can be calculated using the ratio [(coefficient on decentralization) / (2*coefficient on the squared term of decentralization)]. For the last regression in Table 3 , where all the control variables are included, this ratio yields a value of 34.46. This value represents the level of fiscal decentralization that optimizes PSE in the sample of this study, and is found to be very close to the average decentralization values of USA (0.37) and Japan (0.33). The equivalent value for the PSE health (last regression of Table 4 ) is 47.1, which is closer to the average fiscal decentralization levels of Canada and Sweden. Certainly, these values are related to estimations based on our sample and, thus, should be treated with caution, as they may not be applicable to other groups of countries.
Concerning the remaining explanatory variables, higher GDP per capita is observed to be usually associated with higher PSE in providing education and health services, which is intuitive because rich / productive countries tend to have a more efficient public sector. Population density and the logarithm of population are positive and significant determinants of PSE in both Tables 3 and 4, suggesting that higher economies of scale in the production of public goods benefit PSE education and health. The impact of urban population is insignificant in the PSE education regressions, while it is negative and highly significant in the PSE health regressions.
The latter result appears puzzling and a plausible explanation may be that in overpopulated places, the health systems suffer from overcrowded public hospitals and other medical centers, and therefore, diseconomies of scale in the production of services related to health.
Ethno-linguistic fractionalization appears to affect PSE education negatively, indicating that higher population heterogeneity is associated with lower PSE in providing education services.
This concurs with prior theoretical studies, as countries with a heterogeneous population resort to higher redistribution among groups and less spending on productive public goods. However, this seems to hold true concerning only the education services, as the fractionalization variable is insignificant in the PSE health equations. This finding may possibly be related to the different nature of the two services, with ethnic groups having clearly different cultural preferences regarding education services, while requesting homogeneous services in health.
In column (3) of Tables 3 and 4 we additionally control for the structure of the political system, whereas in column (4) we control for the structure of the elected government. Finally, specification (5) includes all the control variables. The results show that PSE is lower in countries with majoritiarian systems and higher in those with presidential systems; however, the effect of these variables is not robust across specifications. 13 Also, the public sectors of countries with a British legal origin are significantly more efficient in providing health and, more importantly, education services. Finally, among the three variables characterizing the structure of the elected government and the time of the elections, only the number of spending ministers is found to be significantly linked to the PSE measures in this study. In particular, a higher number of spending ministers lowers PSE, a result consistent with the idea that diseconomies of scale may be present within the government, leading to diminished government output (see Mierau et al., 2007) .
Sensitivity analysis
In this section we inquire into the robustness of our baseline results. First, the issue of causality is tackled; the central authorities may grant more autonomy to efficient local governments (i.e. more fiscal decentralization). In order to treat this potential problem of reverse causality, we employ an instrumental variables approach. One obvious choice for an instrument is a measure of preference heterogeneity. Higher preference heterogeneity leads to more decentralization . On the other hand, preference heterogeneity per se is not expected to affect public sector efficiency: voters may have different preferences for the composition of public spending, but will always opt for efficient production by the public sector.
To capture voter preferences heterogeneity we construct two indices, using information from 
where Si is the share of group that gave each one of the four alternative answers. We use the two indices as instruments separately, but we also combine them linearly (using their average) as a single instrumental variable characterizing preference heterogeneity. We only report the results from the combined instrument, as the rest are very similar. Since we have both our decentralization variable and its square as endogenous, we also use the squared term of the instrument. In principle, this type of heterogeneity is likely to signal a higher demand for decentralized governments with more local autonomy. In contrast, this variable should not have any direct causal effect on our indices of PSE. In other words, large variance in the beliefs about the confidence in the role of military forces and church are not likely to directly affect public sector's performance in providing health and education services. If anything, the impact of these variables on our PSE indices will be through fiscal decentralization.
We report the results in Table 5 . Estimation method is two-stage least squares (2SLS) for panel data with fixed effects and robust standard errors. Some observations drop out compared to previous tables because of the non-availability of our instrumental variable for three countries, namely Greece, Luxembourg and Switzerland. The first-stage results, reported in the upper part of Table 5 show that our instruments are highly significant determinants of fiscal decentralization in both the education and the health equations. The good fit of the instrumental variables is also confirmed by the under-identification and weak identification tests of Anderson (1951) and Kleibergen and Paap (2006) , that report rejection of the relevant hypotheses (for more on these issues, see Baum et al., 2007) . In both specifications, the coefficients on decentralization and decentralization squared remain statistically significant at the 1% level.
Thus, we can conclude that reverse causality does not drive the findings of the main analysis above.
Second, we consider using the decentralization measure of IMF's Government Financial Statistics (GFS), which shows the sub-national revenues as a share of total revenues. The results are reported in column (1) of Tables 6 and 7 , for both education and health equations, respectively, and show that the non-linear impact of fiscal decentralization on PSE is true only for the education equation. This probably indicates that using decentralization indicators adjusted for actual tax-raising autonomy (i.e. the results of Stegarescu, 2005 ) describes the present relationship more accurately.
In columns (2) and (3) of Tables 6 and 7 we exclude in turn the Mediterranean and Scandinavian countries from our sample. In both the PSE education and PSE health equations, the relationship between fiscal decentralization and PSE remains an inverted U-shaped one,
showing that our main result is not sensitive to the effect of specific regions.
In equation (4) of Tables 5 and 6 , we investigate whether corruption is the element captured by our PSE indicators that primarily drives our results. Although PSE involves many types of non-productive spending (e.g. personnel expansion, inefficient bureaucratic organization etc.) it may also include actual corruption. Then, it may be argued that the effect of decentralization on PSE is driven by the effect of fiscal decentralization on corruption. We examine this hypothesis by running a simple OLS regression of PSE on corruption and using the residuals as our dependent variable. 14 The results remain practically unchanged, showing that the PSE indicator in this study is a broader measure that encompasses additional elements of public sector inefficiency that may include (but are not limited to) personnel expansion (Williamson, 1964) , lower effort (Wyckoff, 1990) and excessive risk aversion (Peltzman, 1973) .
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In the remaining equations presented in columns (5)- (6) we examine whether our results are driven by the econometric method used. In column (5) 
Conclusions
In this paper we specify an empirical framework to investigate the effect of fiscal decentralization on public sector efficiency (PSE). With this aim we (i) directly measure PSE at the country-level by specifying an underlying production process of public goods; and (ii) use the new indices and well-established measures of fiscal decentralization to examine their nexus.
The analysis is carried out on a panel comprising 21 OECD economies for the period 1970-2000.
Backed by strong empirical results, obtained from several different specifications and sensitivity analyses, we contend that public sector efficiency and fiscal decentralization are related in an inverted U-shaped way. Therefore, higher fiscal decentralization is beneficial for the efficiency of OECD public sectors in providing education and health services; however, if it rises too high further decentralization of the public sector is detrimental for PSE.
This is a new result and may possibly explain the many differences in the findings of previous empirical literature that uses either micro data or indirect measures of efficiency to characterize the current relationship. Policy implications are straightforward. Countries with relatively low levels of fiscal decentralization will benefit from transferring part of their powers to local governments. However, countries that already have a highly decentralized fiscal system may want to consider reducing the powers of local governments, especially if they face diseconomies of scale and / or increased pressure from local interest groups owing to decentralization. Clearly, these findings and policy implications call for a deeper understanding of the inter-and intra-country mechanisms that create the non-linear pattern and this definitely warrants future research.
Appendix A. Public sector efficiency indicators: Formulation and sources
To measure public sector efficiency we follow the rationale of the methodology developed by . The basic insight of this methodology is to compare the performance of government in certain areas of economic activity with the associated expenditures that the government allocates to achieve this particular performance. Therefore, to construct a PSE index the following data are required: (i) some measure capturing Public Sector Performance (PSP) that serves as the output, and (ii) some measure of the associated Public Sector Expenditure (PEX) that serves as input. The performance (PSP) and expenditure measures (PEX) used to construct the PSE indicators for each policy area are described in Table B1 and the summary statistics are provided in Table B2 below. DEA efficiency scores with public spending on education as input (obtained from ) and the product of years of schooling and education quality as output
Own estimations based on the methodology described in Section 2.1 PSE health DEA efficiency scores with public spending on health as input and the reverse of infant mortality as output
Own estimations based on the methodology described in Section 2.1 Decentralization: taxrevdec Sub-central government own tax revenue as a share of general government total tax revenue.
Stegarescu ( Note: *, **, *** denote statistical significance at 10%, 5% and 1% level of statistical significance respectively. The Wald test and the associated p-value reflect the joint significance of the coefficients. All equations are estimated using a panel data Tobit method. 0.000 0.000 0.000 0.000 0.000 Note: *, **, *** denote statistical significance at 10%, 5% and 1% level of statistical significance respectively. The Wald test and the associated p-value reflect the joint significance of the coefficients. All equations are estimated using a panel data Tobit method. Anderson's (1951) canonical correlation test; we also report the weak identification test of Kleibergen and Paap (2006) . Both equations are estimated using two-stage least squares (2SLS) with fixed effects and robust standard errors. 0.000 0.000 0.000 0.000 Note: *, **, *** denote statistical significance at 10%, 5% and 1% level of statistical significance respectively. The Wald test and the associated p-value reflect the joint significance of the coefficients. Equations (1)-(3) are estimated using a panel data Tobit method, equation (4) using a fixed effects panel data model, equation (5) using a panel data random effects model and equation (6) using the Simar and Wilson (2007) method. In equation (2) we exclude the Mediterranean countries from the sample and in equation (3) we exclude Scandinavian countries. 0.000 0.000 0.000 0.000 Note: *, **, *** denote statistical significance at 10%, 5% and 1% level of statistical significance respectively. The Wald test and the associated p-value reflect the joint significance of the coefficients. Equations (1)-(3) are estimated using a Tobit model, equation (4) AUS  AUT  BEL  CAN  DNK  FIN  FRA  GER  GRE  IRL  ITA  JPN  LUX  NLD  NOR  POR  SPA  SWE  SWI  UK  USA 
